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© A delay circuit comprising at least one capacitor 
(209,210) with one electrode thereof is connected to 
a fixed potential (GND), a signal transmission line 
(212), and at least one switch means 
(205,208:211,206,207) between the other electrode 
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of the capacitor and the signal transmission line 
(212). The switch means makes electrical connection 
or disconnection between the capacitor and the sig- 
nal transmission line (212) in accordance with an 
actual supply voltage (Vdd) value. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing the embodiments of the 
present invention, an application circuit of a delay 
circuit will be first described below with reference 
to Fig. 5. Shown in Fig. 5A is a two-phase clock 
generator having delay circuits according to the 
present invention. This generator includes a cross- 
coupled pair of circuits each including a two-input 
AND gate 106 (107) into one input of which a 
signal 101 (102) is supplied, a delay circuit 105 of 
which the output is connected to the other input of 
the AND gate 106 (107), and an inverter 108 (109) 
of which the output is connected to the delay 
circuit 105 and the input is connected to the output 
of the AND gate 107 (106). The output of the gates 
106 and 107 are lead out as output terminals 103 
and 104, respectively, which in turn generate two- 
phase clock signals. These clock signals are widely 
used as internal clocks of microcomputers. 

Referring to the timing chart of Fig. 5B, the 
operation of the two-phase clock generator will be 
set forth. As understood from the chart, the two- 
phase clock generator generates, from a pair of 
input signals 101 and 102 having the inverted logic 
relationship to each other, two-phase clock signals 
103 and 104 not overlapping during active high 
level period. That is, there are inactive low level 
periods as indicated by the reference numeral 1 1 0 
between the two-phase clock output signals 103 
and 104. These periods 110 are derived by mask- 
ing the clock signals 101 or 102 by the output of 
each delay circuit 105 as determined by its delay 
time. 

To implement the high-speed operation of the 
microcomputer, it is preferred to reduce the inac- 
tive low level period as short as possible without 
bringing a malfunction of the microcomputer. 

Referring now to Fig. 2, the delay circuit 105 
includes an input terminal 201 receiving the output 
of the inverter 108 (109) is connected to the input 
of an inverter 203. The output of the inverter 203 is 
connected to a signal transmission line 212 to 
another inverter 204 from which an output signal 
202 is in turn derived. The line 212 is further 
connected an NMOS transistor 205 having the gate 
connected to the drain and further to a capacitpr 
209 which is grounded. The line 212 is also con- 
nected through two series-connected NMOS tran- 
sistors 206 and 207 each with the gate connected 
to the drain to a capacitor 210 which is grounded. 
The input terminal 201 is further connected to the 
gate of a PMOS transistor 208 whose drain is 
connected to the node between the drain of the 
NMOS transistor 205 and the capacitor 209, and 
further to the gate of a PMOS transistor 21 1 whose 
drain connected to the node between the drain of 



the NMOS transistor 207 and the capacitor 210. 
The sources of these transistors 208 and 21 1 are 
connected to the power supply terminals Vdd. 
Each of the inverters 203 and 204 is a complemen- 

5 tary MOS inverter consisting of a pair of PMOS 
and NMOS transistors similarly to the inverter gate 
403 shown in Fig. 1. 

The operation of the delay circuit of this em- 
bodiment will be described below. Firstly the op- 

70 eration will be described assumming that supply 
voltage Vdd is enough higher than twice the thresh- 
old voltage Vt of each of the NMOS transistors 205. 

206 and 207. 

When the input signal 201 is at low level, the 
is output of the inverter 203 goes to the high level, 
thereby turning NMOS transistors 205, 206 and 

207 off. Hereinafter, the high level is referred to as 
Vdd level, and the low level as GND level to 
distinguish that the high level is a potential varying 

20 with changing supply voltage Vdd. 

On the other hand, the PMOS transistors 208 
and 211 are turned on so that the capacitors 209 
and 210 are charged to the Vdd level. T^e output 
202 is at the' GND level. 

25 When the input signal 201 changes to Vdd 
level, both the PMOS transistors 208 and 211 are 
turned off, and the output of the inverter 203 
changes from Vdd level to GND level, thus line 212 
going to the GND level. Then all the gate-source 

30 voltages of the NMOS transistors 205, 206 and 207 
exceeds the threshold voltage Vt, and consequent- 
ly they are turned on. 

Under the circumstances where the output of 
the inverter 203 is at GND level and hence the 

35 NMOS transistors 205, 206 and 207 are in the on- 
state, the charges accumulated on capacitors 209 
and 210 are released through these NMOS transis- 
tors and the NMOS transistor (not shown) of the 
inverter 203, and consequently the line 212 will 

40 drop gradually to GND level. 

When the line 212 reaches the GND level, 
output 202 is inverted to Vdd level but with delay 
of the time taken for the capacitors 209 and 210 to 
be discharged. 

45 Next, the operation will be described assuming 
that supply voltage Vdd is somewhat higher than 
the threshold voltage Vt. When the input signal 201 
is at GND level, the output of the inverter 203 goes 
to the Vdd level. Accordingly all the NMOS transis- 

50 tors 205. 206, 207 are turned off. and both PMOS 
transistors 208, 211 are turned on. Consequently 
the capacitors 209, 210 are charged. In this case 
the output 202 goes to the GND level. 

Now, once the input signal 201 changes from 

55 the GND level to the Vdd level, both PMOS transis- 
tors 208, 21 1 are turned off, and the output of the 
inverter 203 goes to the GND level. 
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actual supply voltage so that the capacitance which 
are essential for determining the time constant can 
be finely adjusted. Thus the variation in delay time 
associated with change of the supply voltage is 
remarkably reduced. 5 

Additionally according to the present invention, 
one MOS transistor is provided between the ca- 
pacitor and the signal transmission line so as to be 
turned off when the supply voltage is lower than 
the threshold voltage of the MOS transistor. This w 
simplified construction can reduce the variation in 
the delay time depending on the supply voltage 
variation in a delay circuit needing no fine adjust- 
ment of the capacitance. 

is 

Claims 

1. A delay circuit comprising a capacitor having a 
first electrode and a second electrode con- 
nected to a reference potential, a signal trans- 20 
mission line, and at least one switch element 
connected between the first electrode of said 
capacitor and said signal transmission line, 
said switch element being controlled to be 
conductive or nonconductive in accordance 25 
with a voltage representative of a level of a 
power supply voltage. 



7. The circuit as claimed in claim 5, wherein said 
transistor is of a P-channel type and has the 
gate supplied with said reference potential as 
said power supply voltage. 

8. A delay circuit comprising first and second 
capacitors each having a first electrode and a 
second electrode connected to a fixed poten- 
tial, a signal line, a first switching circuit having 
at least one diode-connected transistor and 
coupled between said signal line and the sec- 
ond electrode of said capacitor, and a second 
switching circuit having at least two diode- 
connected transistors and coupled between 
said signal line and the second electrode of 
said second capacitor. 

9. The circuit as claimed in claim 8, further com- 
prising a drive circuit responding to a signal 
and driving said signal line, and a charging 
circuit responding to said signal anp. charging 
each of said first and second capacitors. 



2. The circuit as claimed in claim 1 , wherein said 

voltage is a voltage difference between said 30 
signal transmission line and said capacitor. 



3. The circuit as claimed in claim 2, wherein said 
switch element comprises a transistor having a 
gate connected to the first electrode of said 35 
capacitor, said delay circuit further comprises 
means for charging, said capacitor while said 
transistor is being nonconductive. 



4. The circuit as claimed in claim 1, said switch- ao 
ing element comprises a transistor having a 
gate supplied with said power supply voltage. 



5. A delay circuit comprising a capacitor having a 

first electrode and a second electrode con- 45 
nected to a reference potential, a signal trans- 
mission line, a drive circuit driving said signal 
in response to a signal applied thereto, a tran- 
sistor having a gate supplied with a power 
supply voltage and a source-drain path con- so 
nected between the first electrode of said ca- 
pacitor and said signal transmission line. 



6. The circuit as claimed in claim 5, wherein said 

transistor is of an N-channel type and has the 55 
gate supplied with said power supply voltage 
higher than said reference potential. 
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